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We have developed a polyvalent reflection-mode apertureless scanning near-field optical
microscope �SNOM� from a commercial scanning probe microscope �SPM�. After having explained
our motivations, we describe the instrument precisely, by specifying how we have integrated optical
elements to the initial SPM, by taking advantage of its characteristics, and without modifying its
initial functions. The instrument allows five different reflection-mode SNOM configurations and
enables polarization studies. Three types of SNOM probes can be used: dielectric, semiconducting,
and metallic probes. The latter are homemade probes whose successful use, as probes for atomic
force microscopy, by the commercial SPM has been experimentally demonstrated. Using silicon–
nitride �dielectric� probes, one of the five configurations has been experimentally tested with two
samples. The first sample is made of nanometric aluminum dots on a glass substrate and the second
sample is the output front facet of a laser diode. The preliminary SNOM images of the latter reveal
pure optical contrasts. © 1998 American Institute of Physics. �S0034-6748�98�03404-2�

I. INTRODUCTION

Scanning near-field optical microscopy �SNOM�1 has in-
disputably demonstrated its capability of achieving a sub-
wavelength spatial optical resolution. Presently, this resolu-
tion is in the ��/10– �/30� range, where � is the wavelength
of light. Nowadays, it is possible to consider two main
SNOM families. The first one is the ‘‘aperture SNOM’’
which has given rise to most of the publications during the
last decade. In its principle, this family uses a probe with a
small aperture (diameter�50 nm��) in a metallic screen
placed at a small distance (��) from the sample surface to
illuminate the sample locally �illumination mode2� or to pick
up the optical near-field �collection mode3�. This principle,
which was suggested by Synge4 and for the first time applied
experimentally to optical wavelengths by Pohl et al.,2 can be
described by the Bethe–Bouwkamp theory.5 In general,
SNOM apertures are produced from silica optical fibers or
glass micropipettes. Despite its performances, aperture
SNOM seems to have three limitations:

�i� the optical resolution does not surpass 20 nm
(��/30) which would correspond to the skin depth of
the metal surrounding the aperture;

�ii� making ultrasmall apertures is a technological chal-
lenge which presently prevents the mass production of
such optical probes;

�iii� aperture SNOM is limited to visible and near-infrared
region of the spectrum. Indeed, it seems difficult to
extend it to the mid- and the far infrared region be-
cause of the strong attenuation of the light power

transmitted by the silica fibers and the severe cutoff
problem for metallized waveguides.

Additionally, the presence of the metallic screen
(diameter�100 nm) surrounding the aperture can generate
feedback artifacts6 �in the case of an atomic force micros-
copy AFM/SNOM combination�, and limits the study to
samples without rough topographical structures.

The second family is the ‘‘apertureless SNOM’’ which
uses apertureless tips as optical probes.7–12 In this case, the
tip end may be viewed as some dipoles which, interacting
locally with the sample surface, are excited by the optical
near-field of the sample and radiate homogeneous waves
which can be detected far from the sample surface. The re-
sulting signal depends on the local optical properties of the
sample just beneath the tip end. Hence, the tip end may be
considered as a scattering Rayleigh particle, and this prin-
ciple can be described by the Mie–Rayleigh theory.13 A pri-
ori, the refractive index n of the Rayleigh particle is complex
(n�n1� jn2). It can be noted that the scanning tunneling
optical microscopy ��STOM�,14 also called �PSTM�15 for
photon scanning tunneling microscopy�, may be considered
as an ‘‘apertureless’’ SNOM using a dielectric (n2�0) scat-
tering particle, provided, of course, that an uncoated �non-
metallized� probe16 is used. The apertureless SNOM family
is less well known and much less used than the aperture
SNOM. It arouses a growing interest, however, especially
since it has demonstrated an 0.8 nm optical resolution,17 as
well as its ability to work with a wavelength range much
larger than that allowed by aperture SNOM.18–20 Another
advantage is that the already existing AFM and STM �scan-
ning tunneling microscopy� reliable probes can easily be
used by apertureless SNOM.

Near-field optics is still a young branch of optics and it
seems difficult to consider that the SNOM is already a ‘‘rou-
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tine tool’’ �like AFM and STM� for the study of local physi-
cal properties of samples. In fact, several fundamental prob-
lems have still to be solved. For example, the recent
‘‘APPEAL’’ of Hecht et al.6 is significant and leads us to
question ourselves about the nature of the SNOM response
and the respective influences of the topographical and dielec-
tric local properties of the sample on the SNOM signal.

We have developed an apertureless SNOM from a com-
mercial scanning probe microscope. The commercial SPM
has been modified and has acquired an additional SNOM
function. These modifications do not perturb the initial func-
tions and performances of the SPM. Our motivations and
expectations for such a development are the following;

�i� to let the SNOM take full advantage of the capabili-
ties and high quality of the commercial SPM system,
including reliability, user-friendliness, reproducibility,
stability, low noise electronics, data acquisition and
processing, high quality piezo-transducers, available
interface, and software;

�ii� to use the various types of SPM probes as optical
probes; and

�iii� to easily combine and compare STM, AFM, SNOM
techniques with each other.

With this setup, we hope to study and use the promising
concept of ‘‘apertureless SNOM’’ under the best technologi-
cal conditions. In this article, we describe the instrument in
detail and present preliminary results and applications.

II. DESCRIPTION OF THE SETUP

During the description of the device, we will attempt to
demonstrate its advantages by referring to the near-field op-

tics �NFO� literature. The modified commercial SPM is the
M5 model from Park Scientific Instrument �PSI�. This choice
has been made according to several criteria. First, the system
has an initial adjustable optics �objective lens, camera etc�.
Second, its mechanical environment is open enough to have
access to the tip end �for illumination and detection of light�.
Third, the system is polyvalent: it permits AFM �contact,
noncontact, or tapping modes� procedures, as well as lateral
force microscopy �LFM�, scanning tunneling microscopy
�STM�, and magnetic force microscopy �MFM�.

A. General description

Figure 1 presents the general setup. We will see that this
setup allows four SNOM configurations. On the other hand,
we will see in paragraph II B that an auxiliary setup �that
will be briefly described� allows a fifth configuration. The
setup of Fig. 1 is the main device which takes advantage of
the whole M5 environment, whereas the auxiliary system has
been built outside this environment. In Fig. 1, the initial parts
�of the commercial device� and the added elements are rep-
resented by thick lines and thin lines, respectively. Two main
functions have been added, with regard to the initial system:
an illumination function to illuminate the tip end by a fo-
cused laser beam, and a detection function to detect the scat-
tered flux and to generate the SNOM signal.

1. Illumination of the tip end

Two illumination modes are possible: an illumination by
a laser diode beam through a microscope objective and an
illumination by an optical fiber terminating microlens.

Illumination by a laser diode beam through an objective
lens (LD,P,RP,C1,PB,O,M, in Fig. 1). This illumination
mode is compact and takes advantage of the initial optical

FIG. 1. General diagram of the main setup. The thick lines correspond to the initial commercial system. The thin lines represent the optical functions that we
have integrated. The gray arrows represent the direction of light propagation. �A� analyzer, �BJ� ball joint, �BR� optical band rejector (��670 nm) filter, (C1,2)
cube beamsplitters, �DB� detection optical bench, �FL� fiber launching (objective lens�positioner), �IB� illumination optical bench, �L� glass lens ( f
�100 mm), �LA� laser source �He–Ne, Ar, laser diode...�, �LD� laser diode (��635 nm), with collimating optics and beam expander �X5�, �M� pierced
mirror, �MH� micro-pipette holder, �O� objective lens �X20, N.A.�0.28, W.D.�30 mm, f �10 mm�, �OB� optical breadboard, �OF� optical fiber, �OFL�
optical fiber ending in a micro-lens (N.A.�0.5), �OP� cantilever and optical probe tip, �P� polarizer, �PB� piece holding a plate beamsplitter, �PD� photode-
tector, �PH� pinhole (��40 �m), �R� rod, �RP� retardation plate ��/2 or �/4�, �S� sample, �ST� compact X ,Y ,Z translation stages, �T� active isolation
tabletop, �W� white light, (XYS) sample chuck, XY translation stages, isolation rigid marble.
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elements �PB,O,M in Fig. 1� used for visual observation of
the sample surface. PB is initially an aluminum piece which
holds a plate beamsplitter as well as a white light source.
This source has been removed and replaced with the compact
illumination system �LD,P,RP,C1 in Fig. 1�. The use of this
white light �W�, however, is allowed by the cube beamsplit-
ter C1, permitting the visual observation of the working field
�sample, tip, and laser spots�. A laser diode �LD, �
�635 nm� has been associated with a beam expander
(�5) providing a 10 mm diameter collimated laser beam.
This diameter is necessary to illuminate entirely the entrance
pupil of the objective lens �O, entrance pupil diameter�6
mm�. Any kind of polarization state of this incident laser
beam is allowed by both the polarizer �P� and the retardation
plate �RP: �/2 or �/4�.

This capability is of importance for a systematic study of
polarization contrasts which are very significant in near-field
optics. Although this study has often been made in aperture
SNOM,21–23 it seems to be almost ignored in apertureless
SNOM.24 The objective lens �O� �infinity corrected, N.A.
�0.28� permits the focusing of the laser beam onto the
sample surface. Since all of the entrance circular pupil of the
objective is illuminated, the focalization spot is a diffraction
spot whose diameter is �3 �m (1.22�/N.A.). It has been
shown that such a high density incident energy can be very
effective in apertureless SNOM.10–12 The focused beam is
deflected towards the sample by the mirror �M� which is
initially pierced so that the laser beam (��670 nm) issued
from the M5 head can reach the cantilever �this laser beam,
not represented in Fig. 1, permits by reflection the detection
of the cantilever deflection�. We noted that this hole does not
prevent the generation of the diffraction spot on the sample
surface. Moreover, the hole allows a ‘‘dark field’’ illumina-
tion which minimizes the illumination of both the cantilever
and the parts of the tip other than the extreme end �Fig. 2�.
This illumination would generate a background optical signal
which is unwanted because it is associated with a low spatial
resolution.

In Fig. 1, it can be noted that the small size �compared to
other laser sources� of the laser diode associated with the
expander �about 3.5 cm diameter and 8 cm length� enables
its total integration into the commercial system. This integra-
tion especially enables the Z movement of the laser spot by
the focus M5 function which moves the compact set �O, PB,
C1, RP, P, LD� in the X direction, as well as the X , Y
movement of the spot, by the initial Z , Y adjustments of the
microscope objective. All these possible adjustments are in-
dependent of the tip and sample positions.

Illumination by an optical fiber (OFL in Fig. 1). This
illumination mode presents three advantages compared to the
illumination by the objective. First, it allows one to use sev-
eral types of laser source �LA in Fig. 1�. Consequently, sev-
eral wavelengths, light powers, and degrees of coherence can
be tested. Second, it permits an oblique illumination. The
angle � between the fiber axis and the sample surface can be
adjusted in the 5°–85° range. The influence of the angle of
incidence on the near-field effect induced by the tip can thus
be studied. This parameter � is of importance in apertureless
SNOM. For example, in the case of strong enhancement of
the electric field just below the tip,25 it has been shown that
the total field intensity beneath the tip apex strongly depends
on �.25 Third, in this case, we can be sure than the ‘‘dark-
field’’ illumination is optimized: the incident light field illu-
minates neither the cantilever nor the parts of the tip other
than its extreme end.

In Fig. 1, OFL is a single-mode optical fiber tapered by
pulling under an electric arc. During the preparation of the
taper, when the fiber breaks, the superficial tension leads to
the formation of a microlens, whose radius of curvature and
focal length are a few microns and a few tens of microns,
respectively. This process ensures an adiabatic transition
from the guided fundamental mode of the fiber to the ex-
tremity of the taper.26 By optical measurements, we showed
that such a system focuses the light to a 2 �m diameter spot,
with a high (�0.5) numerical aperture. It is thus equivalent
to a high power objective lens of micronic size. Such a fiber
ending in a microlens has been successfully used as a probe
for an optical profilometer.27 The optical fiber �OFL� is held
by a commercial pipette holder �H-7 Narishige, MH in Fig.
1�, associated with a joint ball �B-8C Narishige, BJ in Fig. 1�
and a XYZ translation stage �ST in Fig. 1�. The compact
system �MH, BJ, ST� permits the positioning of the laser
spot on the sample surface as well as the adjustment of the
angle �. The control of the polarization state is still possible
with this illumination mode. Indeed, any desired polarization
state is accessible for such a single-mode optical fiber which
has already been successfully used for polarization studies.21

2. Detection of the SNOM signal

Two detection modes are possible: a detection by the
objective lens, as well as a detection by an optical fiber.

Detection by the objective lens (M, O, PB, C2, DB in
Fig. 1). In this detection mode, the objective lens �O, in Fig.
1� is used to collect the flux scattered by the SNOM probe in
local interaction with the sample surface. The collimated la-
ser beam issued from the objective lens is deflected first by

FIG. 2. Advantage of a dark-field illumination: the illumination of both the
cantilever and the parts of the tip other than the extreme end is minimized.
The axis of the cantilever is perpendicular to the page plane.
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the initial plate beamsplitter �PB� towards the camera, then
by the cube beamsplitter �C2, in Fig. 1� towards the detection
bench. This added cube has simply been stuck on the input
glass window of the camera, using an optical gel �refractive
index�1.46� which does not prevent optical observation and
allows easy removal or adjustment of the cube. The detection
bench �DB in Fig. 1� is a rail holding optical components.
BR is a band rejector which rejects the wavelength of the
laser beam (��670 nm) issued from the M5 head, without
cutting of that associated with the SNOM signal (�
�635 nm). Indeed, light at ��670 nm would be unwanted
background light scattered by the cantilever, mainly. The
analyzer �A� is used in the case of polarization study. The
light is focused by a lens �L� onto a pinhole �PH� and de-
tected by a photodetector �PD�. The spatial filter �PH� is used
to reject the background scattered light: its diameter
(�40 �m) has been adjusted so that only the image of the
diffraction spot, associated with the microscope objective, is
detected.

Detection by an optical fiber (OF in Fig. 1). In this de-
tection mode, the light scattered by the tip end is collected by
an optical fiber �OF in Fig. 1� which is held by a mechanical
system identical to that holding the fiber used for illumina-
tion. Hence, this mode permits an oblique detection with an
adjustable angle of collection ��. This capability is of im-
portance in near-field optics because the light emitted in dif-
ferent directions certainly has different behaviors and con-
tains different information about the sample. For
comparison, in the case of the ‘‘tunnel SNOM’’,28 it has
been recently shown that radiation emitted into directions
within the critical angle of total internal reflection �‘‘allowed
light’’� contains information which is different and comple-
mentary to that contained by light emitted at supercritical
angles �‘‘forbidden light’’�.29 It is thus important to detect
these two types of light, both of them but separately. What-
ever the detection mode, the electric signal provided by the
photodetector is processed by a lock-in amplifier at the vi-
bration frequency of the AFM cantilever. We shall now
show that it is necessary to use a vibrating AFM mode for an
SNOM image generation.

3. Suitable AFM modes, lock-in detection, and
scanning modes

In apertureless SNOM, because of the external illumina-
tion and detection, it is necessary to make the probe vibrate
�perpendicular to the sample surface, at the frequency f � and
to perform a lock-in detection �at the frequency f � of the
scattered light. This procedure allows one to extract, from
the total intensity received by the detector, the small part
which corresponds to the light scattered by the local interac-
tion between the tip end, the sample and the incident laser
beam. Two suitable AFM modes are thus used: the ‘‘noncon-
tact’’ mode10,17 and the ‘‘tapping mode’’ �or ‘‘intermittent
contact’’ mode�.11,12 These two modes are available on the
M5 head. It has also been suggested to make both the tip �at
f t frequency� and the sample vibrate �parallel to its surface,
at f s frequency� and to detect the signal at the difference
frequency f t� f s �or at the sum frequency f t� f s�.

7 We will
test this technique by installing the sample on a vibrating

piezo-electric transducer. The lock-in amplifier that we use
�EG&G Princeton applied research, 5302� is able to work in
the 1 Hz–1 MHz range and is thus suitable for any resonance
frequency of the AFM cantilevers.

In the case of the AFM/SNOM combination, two scan-
ning modes can be used: the constant gap-width mode
�CGM� and the constant height mode �CHM�. CHM prevents
feedback-induced artifacts6,30 in the SNOM image, but does
not permit a very high resolution because the probe is not
maintained in contact with the sample. Moreover, during
scanning, the gap width �between the probe and the sample�
is not constant in CHM, and therefore the optical resolution
is also not constant because this resolution is very dependent
on the gap width. CGM optimizes the SNOM resolution and
simultaneously measures the topography. Nevertheless, this
mode can generate serious artifacts in the SNOM image.6,30

When studying a sample, it is thus necessary to perform both
CHM and CGM experiments, in order to obtain complemen-
tary images of the sample. The M5 head allows one to use
these two scanning modes.

To finish this general description, it should be pointed
out that both the M5 interface module and the user-friendly
software allow the recording of several signals simulta-
neously, including the AFM signal, the corresponding error
signal, and the SNOM signal �provided by the lock-in am-
plifier: amplitude and phase�.

B. SNOM configurations

All the illumination/detection combinations are possible:
illumination by the objective�collection by the objective,
illumination by the objective�collection by the optical fiber,
illumination by the optical fiber�collection by the objective,
illumination by the optical fiber�collection by the optical
fiber. Figure 3 presents these four configurations ��a�, �b�,
�c�, �d�, respectively�. The fifth SNOM configuration ��e� in
Fig. 3� is obtained by an auxiliary setup that we have devel-
oped outside the M5 system. Figure 4 presents this auxiliary

FIG. 3. Reflection-mode SNOM configurations allowed by our instrument.
The sphere represents the tip end �Rayleigh particle�. The arrows represent
the direction of both incident and detected lights: �a� illumination by an
objective, collection by an objective, �b� illumination by an objective, ob-
lique collection by an optical fiber, �c� oblique illumination by an optical
fiber ending in a micro-lens, collection by an objective, �d� oblique illumi-
nation by an optical fiber ending in a micro-lens, oblique collection by an
optical fiber, �e� ‘‘backscattering’’ SNOM configuration allowed by the aux-
iliary setup presented in Fig. 4: both illumination and collection by an ob-
jective.
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setup schematically. We take advantage of the fact that the
M5 head can be removed and used out of the whole M5
system, above any sample, in a ‘‘stand-alone’’ configuration.
This configuration is possible because in the M5 model the
X ,Y ,Z piezoelectric scanner is integrated in the head associ-
ated with the probe. This removal frees a half-space near the
tip, allowing the installation of an optical microscope sys-
tem, associated with a high power microscope objective.
This microscope system (objective�tube�lenses
�cube beamsplitters�eye-piece) permits, simultaneously,
the focusing of a laser diode beam (��635 nm) onto the tip
end, and the collecting of the ‘‘backscattered’’ light, and
allows the user to observe the working field �laser spots, tip,
and sample�. With precision, the microscope system can be
adjusted with regard to both tip and sample since it is held by
a X ,Y ,Z ,X� translation stages, and a rotation �around the
Y ,Z axis� stage �not represented in Fig. 4�. A survey of the
NFO literature reveals that this ‘‘backscattering’’ aperture-
less SNOM configuration has never been implemented.

C. SNOM probes

Three types of SNOM probes can be used: dielectric,
semi-conducting, and metallic probes.

1. Dielectric probes

They are silicon–nitride �Si3N4, refraction index �2 at
��635 nm� commercial probes �Microlevers™ from PSI�,
the tip of which is pyramidal with a 70° vertex angle. The tip
end is standard or sharpened. In the second case, the pyramid
ends in a small 200 nm height tip, with a radius of less than
20 nm. Because of the low force constant of the cantilevers,
these probes are suitable rather for contact-mode AFM. Nev-
ertheless, the highest available force constant �0.5 N/m� al-
lows one to perform both attractive mode and tapping-mode
AFM procedures. This kind of pyramidal dielectric probe has
been successfully used as SNOM probes.31 The preliminary
images presented in this article have been obtained using
such probes.

2. Semiconducting probes

They are boron-doped silicon �refraction index �3.8
� j0.02 at ��635 nm� commercial probes �Ultralevers™
from PSI� with a conical tip. The typical radius of curvature
for such a tip is less than 10 nm. The force constant of the
cantilever are in the 0.2–20 N/m range, quite suitable for
AFM vibrating modes. We also use tetrahedral silicon tips
�micro-cantilever from Olympus�. Such semiconducting tips
have proven to be efficient as optical probes.10,17

3. Metallic probes

The large interest of using metallic probes as SNOM
probes has been theoretically25,32 and experimentally9,12

demonstrated. Nevertheless, no commercial metallic AFM
probes exist. This is why we produce our own metallic tips.
Moreover, this autonomy enables us to control the geometry
of the tips which are made of tungsten. This material �W,
n�3.7� j2.8, at ��635 nm� has proved to be efficient for
SNOM probes.12,18,33 A tungsten cylindrical wire
(diameter�125 �m) is polished and covered by a 100 nm
thick gold layer, except at its extremity which is bent and
etched by electrochemical erosion. This etching procedure is

FIG. 5. Homemade tungsten �W� probes: successful use, as AFM probes, by the commercial SPM: �a� 2 mm�1.5 mm size snapshot of a W probe �cantilever
and tip�, �b� measurement of the resonance at frequency f r , �c� 30 �m�30 �m tapping-mode AFM image of a test grating.

FIG. 4. Auxiliary setup allowing the ‘‘backscattering’’ apertureless SNOM
configuration ��e� Fig. 3�. The X� axis is parallel to the microscope axis. The
gray arrows represent the direction of the propagation of the light.
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described in several papers �e.g., Ref. 34�. Figure 5�a� shows
such a metallic probe. Both the well-tapered geometry of the
tip as well as the large tip end-to-cantilever distance have to
be noted. These characteristics are expected to minimize the
unwanted background optical signal described above. The
probe characteristics �length and shape of the tip, radius of
curvature of the tip end� can be easily controlled by adjusting
the parameters of the electrochemical procedure. The probes
are checked by both conventional optical microscopy and
scanning electron microscopy. The typical dimensions of the
cantilever are 5 mm �horizontal� by 0.5 mm �vertical� and its
stiffness constant k and resonant frequency f r are in the 10–
150 N/m and 3–6 kHz range, respectively. The cantilever is
glued to a M5 ceramic cassette initially used to hold com-
mercial cantilever chips. By choosing the glue point, the
horizontal dimension of the cantilever is adjusted to choose
both k and f r . The radius of curvature of the end of such a
homemade SNOM probe is less than 10 nm. Figures 5�b� and
5�c� demonstrate that these homemade probes can be used, as
AFM probes, by the M5 system. The gold layer on the W
cantilever, as well as the polishing, allows a reflectivity
which is high enough for the laser beam (��670 nm) of the
AFM head to permit the measurement of the vibration am-
plitude of the cantilever �as well as its resonance, Fig. 5�b��
and a tapping-mode AFM procedure �Fig. 5�c��.

Figure 5 presents preliminary experiments which show
that we will be able to use metallic tips in the near future.
Presently, this use is not optimized, notably because the ini-
tial electronic system of the SPM is not perfectly suitable for
the low resonance frequency of the tungsten cantilever �typi-
cally 4 kHz�. A small modification of this electronic system
is in progress, in order to use the metallic tip as an optical
probe under the best experimental conditions.

III. PRELIMINARY SNOM IMAGES

As mentioned in Sec. IV, this instrument will be used for
the study of the apertureless scanning near-field optical mi-
croscopy. The preliminary images that we present here do
not represent this study. The purpose of these images is to
demonstrate that we have obtained a SNOM signal which

seems to describe the subwavelength size optical character-
istics of the sample. It should be pointed out that the follow-
ing SNOM images are very reproducible.

The images have been obtained by implementing the �a�
SNOM configuration �Fig. 3�a��, using a pyramidal silicon–
nitride probe. The incident light (��635 nm) is focused by
the objective, and the polarization contrasts are not taken
into account �incident elliptic polarization, analyzer not
used�. Figure 6 describes the experimental conditions. Figure
7 presents the simultaneously recorded AFM image �tapping-
mode, constant gap-width mode, vibration amplitude
�50 nm, Fig. 7�a��, and SNOM image �amplitude of the
lock-in detection, Fig. 7�b�� of aluminum patterns �dots� de-
posited on a quartz substrate. This sample has been prepared
by x-ray lithography. The dots are 50 nm high and are cy-
lindrical (diameter�200 nm) in shape and form a grating
(period�400 nm). Hence, this sample presents both known
optical and topographical characteristics. In Fig. 7, we note

FIG. 6. Experimental configuration used to obtain the preliminary images:
�Boxed� top view of the cantilever. The size of the pyramid base is
4 �m�4 �m. The height of the pyramid is 4 �m. The gray arrows represent
the direction of the propagation of the light.

FIG. 7. Simultaneously obtained near-field images (size�1.3 �m�1.3 �m)
of aluminum dots on a quartz substrate, obtained by the SNOM configura-
tion of Fig. 3�a�, with a silicon–nitride probe: �a� tapping-mode AFM image
�constant-gap width mode, vibration amplitude �50 nm�, �b� SNOM image
�amplitude of the lock-in detection� at ��635 nm.
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that the resolution of the AFM images �better than 50 nm�
seems to be slightly different from that of the SNOM image
�about 50 nm��/13�. For example, the two dots at the coor-
dinates �X�0.7 �m, Y�0.4 �m� and �X�1.1 �m, Y
�0.4 �m� are resolved in the AFM image, whereas they are
barely resolved in the SNOM image. This difference be-
tween the AFM resolution and the SNOM resolution is not
surprising because, a priori, the part of the tip in mechanical
interaction with the sample surface does not exactly corre-
spond to that in optical interaction with the sample. In the
SNOM image �Fig. 7�b��, the observed contrast can be inter-
preted by the high optical reflectance of Al �at ��635 nm:
reflectance �90% at normal incidence, refraction index
�1.3� j7.5�, compared to that of quartz �reflectance �4%
at ��635 nm, at normal incidence�. In any case the SNOM
contrast has not been induced by a variation in the vibration
amplitude, which has been kept constant by the AFM feed-
back �the error image, not presented in Fig. 7, does not
present any contrast�. In the AFM image, the presence of
small particles lodged between Al dots can be noted, for
example at the coordinates �X�0.5 �m, Y�1 �m�. These
objects are about 20 nm high. Although we are ignorant
about their nature, we can assume that they are not Al par-
ticles because they do not correspond to any contrast in the
SNOM image. For example, in the SNOM image, there is no
distinguishable particle at the coordinates �X�0.5 �m, Y
�1 �m�. This leads us to hope for the independence of the
SNOM signal and the local topography �and the AFM sig-
nal�. Nevertheless, in the case of Fig. 7, topographical
artifacts6 may be suspected. Indeed, since the configuration
is in reflection, a spatial distribution of specular intensity
I0(z) does exist. I0(z) is due to the interference between the
incident light and the reflected light. Consequently, in this
case the contrast of SNOM signal can depend on the path
followed by the tip during the scan.30 A good way to avoid
this artifact is to study samples presenting no topographical
contrast but a large optical contrast.20 This is the case with
the following sample.

Figure 8 presents a schematic representation of the
sample studied next. It is the front facet of a commercial
laser diode �GaAs/Al-doped GaAs, VSIS structure SHARP
LT020MC, ��780 nm� whose protection window has been
removed. The interest of this sample is that it does not
present any topographic contrast �the crystal facet is cleaved�
whereas it presents dielectric contrasts �various GaAs,
GaAlxAs layers�. It is thus a suitable sample for first tests of

the feasibility of our instrument. It should be noted, however,
that the sample surface has certainly been covered by an
antireflecting layer whose thickness is in the 10–100 nm
range. Because of this layer, the microscope works in the
‘‘quasi-near field’’ zone.35 In this zone, it has been demon-
strated that a spatial resolution better than �100 nm �at �
�635 nm� cannot be reached.35 Hence, we do not expect
very high optical resolution with this sample. The images of
Figs. 9�a� and 9�b� have been obtained in the same experi-
mental conditions �see Fig. 6� as for Fig. 7. They are, respec-
tively, the simultaneously recorded AFM �tapping mode,
constant gap-width mode�, and SNOM images of a sample

FIG. 8. Schematic diagram of the front facet of the laser diode used as
sample. The Y axis is parallel to the growth direction. During near-field
imaging, the axis of the probe tip is parallel to the Z axis, and the scan is in
the (X ,Y ) plane.

FIG. 9. Near-field images of the sample described in Fig. 8, obtained by the
SNOM configuration of Fig. 3�a�, with a silicon nitride probe: �a� 2 �m�2
�m size tapping-mode AFM image �constant-gap width mode, vibration
amplitude �50 nm�, �b� simultaneously obtained 2 �m�2 �m size SNOM
image �amplitude of the lock-in detection� at ��635 nm, �c� 4 �m�4 �m
size SNOM image of another sample zone.
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zone which is believed to include the active layer. For this
experiment, the tip position above the sample was adjusted
by visual observation of the spontaneous light emission from
the active layer. Figure 9�a� shows the surface flatness. AFM
quantitative measurements have confirmed that the surface
roughness is less than 5 nm. It should be noted that this
flatness corresponds to that of the antireflecting layer. The
error image �not presented in Fig. 9� demonstrates that the tip
vibration amplitude has been kept constant during scanning.
The corresponding SNOM image �Fig. 9�b�� reveals various
bands which are supposed to correspond to the GaAs/Al-
doped GaAs layers of the laser diode structure. We interpret
the contrast of this SNOM image by the fact that the refrac-
tive index of Al-doped GaAs is weaker than that of GaAs. It
is presently difficult to identify the observed bands without
both an advanced study of this sample and a better under-
standing of the imaging process in apertureless SNOM.
However, it can be noted that the bands are parallel to the X
axis, as expected �see Fig. 8�. Moreover, it should be noted
that if the sample is turned with an angle 	 in its plane, then
the observed band structure pivots in its plane with the same
angle 	, demonstrating that the structure corresponds to the
various dielectric layers parallel to the X axis. Figure 9�c� is
a SNOM image of another zone of the sample. This image
has been obtained using the same dielectric tip as for Fig.
9�b�. In Fig. 9�c�, six optical layers are distinguishable. As
expected, in Figs. 9�b� and 9�c�, the optical resolution is not
very high compared to � ��100 nm, i.e., ��/6�. However,
this resolution represents a gain of about 30, compared to the
resolution of the microscope objective used. In Fig. 9, no
feedback artifact6,30 can be suspected in the SNOM images,
and it is assumed that both Figs. 9�b� and 9�c� reveal a pure
dielectric contrast. In Fig. 9, the size of the images do not
exceed 4 �m�4 �m. Larger scans would show the extended
structure and would help to better identify the layers. Unfor-
tunately, it is presently difficult to make a scan larger than
about 4 �m because in our configuration both the laser spot
�diameter �3 �m� and the sample are fixed, whereas the
probe is scanned above the sample. Hence, if the scan is too
large, the probe leaves the spot and thus is no longer illumi-
nated. This is a disadvantage as well as a limitation, which is
why we actually install the sample on a piezoelectric trans-
ducer translation stage, for larger scans.

The SNOM characterization of this kind of sample
�without an antireflecting layer to improve the resolution� is
in progress. The light emission profile of the laser diode
especially is studied for injection currents below as well as
above the laser threshold.

IV. DISCUSSION AND PERSPECTIVES

In conclusion, we have presented a polyvalent reflection-
mode apertureless SNOM developed from a commercial
scanning probe microscope. The SNOM functions take ad-
vantage of the performances of the commercial system, with-
out modifying them in any way. Two setups have been in-
troduced, allowing five reflection-mode SNOM con-
figurations which can use several types of tips of variable
materials and shapes. One of the configurations has been

tested and the preliminary images have revealed the ability
of the device to reveal the pure dielectric contrasts of a com-
mercial optoelectronic component, with a subwavelength
spatial resolution. Because of its polyvalence, this instrument
is scheduled to allow the complete experimental study of the
apertureless scanning near-field optical microscopy, includ-
ing polarization contrasts, influence of the angle illumina-
tion, influence of the angle of detection, process of the
SNOM signal formation, and influence of the tip nature �ma-
terial and shape� on the SNOM contrast. Recent theoretical
works36 demonstrate that these experimental studies are of
great importance. Simultaneously, the instrument will be
used for characterization of components in microelectronics
and optoelectronics, and for photopolymerization experi-
ments. In this experiment, we will take advantage of the
local extremely strong field enhancement that may occur in
the gap between a metallic tip and a sample surface25 to
illuminate a sensitive sample locally, in order to perform
optical lithography with a nanometric resolution.
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